Main results-Compared to never smokers, regular smokers had significantly (p<0.05) lower median BMI in 20 (men) and 30 (women) out of 42 populations (range -2.9 to 0.5 kg/m2). There was no population in which smokers had a significantly higher BMI than never smokers. Among men, the association between leanness and smoking was less apparent in populations with relatively low proportions of regular smokers and high proportions of ex-smokers. Ex-smokers had significantly higher BMI than never smokers in 10 of the male populations but in women no consistent pattern was observed. Adjustment for socioeconomic status did not affect these results.
Main results-Compared to never smokers, regular smokers had significantly (p<0.05) lower median BMI in 20 (men) and 30 (women) out of 42 populations (range -2.9 to 0.5 kg/m2). There was no population in which smokers had a significantly higher BMI than never smokers. Among men, the association between leanness and smoking was less apparent in populations with relatively low proportions of regular smokers and high proportions of ex-smokers. Ex-smokers had significantly higher BMI than never smokers in 10 of the male populations but in women no consistent pattern was observed. Adjustment for socioeconomic status did not affect these results.
Conclusions-Although in most populations the association between smoking and BMI is similar, the magnitude of this association may be affected by the proportions of smokers and ex-smokers in these populations.
of saturated fat, heavy use of alcohol, and little exercise. Indeed, a study in Finland found that a change in the association between smoking and body weight had occurred in the 1980s-smoking was no longer associated with leanness in this population but rather it was positively related to BMI, especially among younger middle aged men. "6 Most studies of the relationship between smoking and relative body weight have looked at single populations or cohorts. Therefore we considered it important to examine whether associations are similar in populations with different histories of smoking habits and changes in body weight. We investigated this among men and women in 42 populations participating the WHO MONICA Project.
Given the findings of the Finnish study on changes in the relationship between smoking and relative body weight, it could be hypothesised that the "classical" inverse association between smoking and relative body weight might hold in populations with a high prevalence of smoking and comparatively few anti-smoking activities, while a "new" positive association between smoking and relative body weight may be more typical in populations with a previously high but currently falling prevalence of smoking due to anti-smoking programmes. While our data do not allow us to test this hypothesis directly, we will mainly focus on determining whether there are populations with the "new" association to warrant pursuing such a hypothesis.
(_7 Epidemiol Community Health 1997;51:252-260) Numerous epidemiological studies have shown a consistent inverse relationship between smoking and body weight-smokers weigh relatively less than non-smokers,1-" and stopping smoking often leads to weight gain.'-" 1 1012-14 It has been shown that this is mainly because smoking increases energy expenditure.'5 Moreover, the inverse relationship between smoking and relative body weight becomes stronger with age,4 which can be explained by longer duration of smoking.516
Among smokers a U-shaped relationship between the number of cigarettes smoked and relative body weight has been found in several studies-those smoking [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] In the second phase, individual data were used to examine the consistency and magnitude of the relation between smoking and BMI at the individual level. All analyses were carried out separately for men and women. Two types of analyses were performed-firstly, comparing medians or means of BMI between different categories of smoking, and secondly, comparing proportions of regular smokers between different categories of BMI within populations. Differences were reported to be statistically significant if the p value was less than 0.05.
To compare the levels of BMI between smoking categories, medians instead ofmeans ofBMI were used because of the distributions of BMI were skewed to the right. Confidence intervals for the differences in median BMIs in categories of smokers, compared with the never smoker category, were calculated using the Normal approximation as described by White et al. 26 Linear regression was used to control for potential confounding by SES. Mean BMIs and differences in mean BMIs in relation to smoking category were calculated using the general linear model (GLM) procedure of SAS statistical software,27 adjusting for age group and population as categorical covariates. To assess the confounding effect of SES, regression analyses were performed both with and without adjusting for population specific tertiles of years of schooling. Confidence intervals for the estimates were calculated from the standard errors of the regression coefficients assuming that the sampling distributions of the coefficients were normal. The results of the linear regression were also used to give an overall estimate ofthe differences in the mean BMIs between smoking categories, summarising the results across all populations. In addition, the same overall estimates were calculated using non-parametric methods to confirm that the estimates based on the regression analysis did not differ from the estimates based on medians.
KEY POINTS *Cigarette smokers are leaner than never smokers in most of the populations studied -and more so in women than men. o In some populations there was no association between smoking and body weight. In these populations, among men, there were fewer smokers and more ex-smokers than in populations in which smokers were leaner than never smokers. * Ex-smoking men weighed on average more than never smokers, whereas in women no consistent pattern was found. To compare the prevalence ofregular cigarette smoking between BMI categories, age standardised proportions of regular cigarette smokers were calculated for the age group 35-64 using the same method for age standardisation as described above. The differences in the proportions of smokers between BMI categories within populations were tested by fitting a logistic regression model with regular cigarette smoking as the binary dependent variable and Figure 1 shows differences in median BMI between never smokers and regular cigarette smokers. In almost all populations smokers were leaner than never smokers-the difference was statistically significant in 20 out of 42 populations for men and in 30 out of 42 populations for women. The differences ranged from -2.4 to 0.5 kg/mr in men and from -2.9 to -0.1 kg/m2 in women. When translated into kg for average heights of 1.72m and 1.60m for men and women respectively, they correspond to the range from -7.1 to 1.5 kg for men and from -7.4 to -0.3 kg for women. The largest differences were observed in populations with relatively high smoking rates (eg in some eastern European populations).
To elucidate further the difference between the populations where the smokers were considerably leaner than never smokers in comparison to populations where they were not, we compared the proportion ofregular smokers in the 14 populations with the largest differences in BMI to the 14 populations with the smallest differences in BMI between smokers and never smokers with a non-parametric (Wilcoxon rank sum) test (table 3) . Among men, there were significantly more regular smokers in the populations with the largest differences in BMI than in the populations with the smallest differences. In addition, the proportions of exsmokers were statistically significantly lower in these populations. For women, however, there were fewer smokers in the group of populations with the largest differences in BMI than in the populations with the smallest differences but the difference in smoking prevalences was not statistically significant. The smokers was significantly lower in the populations with large differences in BMI. Figure 2 shows the difference in median BMI between never smokers and ex-smokers. Exsmokers had higher BMI than never smokers in 37 (and significantly so in 10) out of 42 populations among men, whereas for women there were differences in both directions but few were statistically significant. No systematic differences in BMI were observed between heavy and light smokers in most populations (data not shown).
Regression analysis was used to examine the potential confounding effects of SES using population specific tertiles of years of schooling as an indicator. The unadjusted (for SES) analysis was performed first for all populations and then for a subset of 34 populations, for which data on years of schooling were available, and then the SES adjusted analysis was performed for the 34 populations (table 4). The results were very similar whether adjusted for tertiles of years of schooling or not, indicating that SES had hardly any confounding effect on this association.
The mean BMI in the never smoking category was 26.6 g/m2 for men and 26.8 kg/M2 for women when adjusted for age group and population. In men, regular cigarette smokers were on average 0.9 kg/M2 leaner than never smokers, which implies that a male smoker of average height of 1 than a never smoker of the same height. Male ex-smokers had 0.5 kg/m2 higher BMI than never smokers indicating that an ex-smoker of average height weighed 1. 5 kg more than never smoker. In women, regular cigarette smokers were on average 1.1 kg/m2 leaner than never smokers which implies a difference of 2.8 kg for a woman of average height of 1.60 m, but there was no significant difference between never and ex-smokers. For women, but not for men, light smokers had significantly lower BMIs than heavy smokers thus showing a Ushaped relationship between smoking and BMI. The overall estimates of the differences in BMI between smoking categories were also calculated using non-parametric methods. The estimates based on medians were very similar to those produced by the regression analysis. Only the median BMIs for never smokers (26.3 and 26.1 kg/m2 for men and women respectively) were somewhat lower than the means, especially for women, due to the skewness of the distributions.
The age standardized proportion of regular smokers decreased consistently with increasing BMI category (table 5). The difference between BMI categories was significant in 35 out of 42 populations among men and in 26 among women. In men the differences were larger than in women. Some exceptions to the general pattern were observed, for example among men in Auckland, Gothenburg, Toulouse, and northern Sweden there were more smokers in the obese than in the normal weight category, Obese (BMI>=30.0) 13.9 (11.3, 16.5) but the exceptions were usually not statistically significant.
On the basis of these results one could group the populations into two categories. In most populations for men and almost all for women the "classic" inverse association between smoking and BMI was observed. In some populations, there was no clear association. These include at least Auckland, Gothenburg, Toulouse, and northern Sweden for men and perhaps Cottbus County and Perth for women.
Discussion
The association between smoking and relative body weight is an important health issue because both smoking and increased body weight are independent risk factors for cardiovascular disease and quitting smoking is known to lead to weight gain. In addition, smoking is a potential confounder in the relationship between relative body weight and mortality.823 Therefore the recent suggestion that the relationship might be changing from a negative association to a positive one,16 especially among men, prompted us to explore this association in a wide range of populations. The data collected through the WHO MONICA project population surveys provided a unique opportunity to look at this relationship in a large number of populations from different parts of the world, based on common standardised survey methods for data collection and quality assurance, and centralised data analysis.
Our results show that the generally accepted finding that smokers weigh less than never smokers.12 still prevails in most populations.
This was especially true for women. Also, a Ushaped relationship between BMI and number of cigarettes smoked was found among women but not among men, whereas earlier investigations have generally found a stronger relationship in men.491618 This could be partly explained by the fact that we only used two categories for numbers of cigarettes smoked.
Among men, in some of the study populations there was no association between smoking and BMI and in these populations there were in general fewer smokers and more exsmokers than in populations where smokers were considerably leaner than never smokers. This finding suggests that the magnitude of the inverse association between smoking and body weight may be related to the prevalence of smoking in the population. It also partly supports the original hypothesis that the "classical" inverse association might no longer be found in populations with extensive anti-smoking activities and reduced prevalence of smoking, eg in Australia, Finland, Sweden, the USA. However, no statistically significant positive association was found in any of these populations. Therefore it would be premature to draw any definitive conclusions about a change in the direction of the relationship, especially because this study was based on cross sectional data and reflects the situation in the early and mid 1980s. More recent data, covering a longer time period, will allow this hypothesis to be tested directly.
One mechanism by which the change from inverse to positive correlation between smoking and BMI observed in the Finnish study,'6 might act is through selection among smokers. As an increasing proportion of light smokers tend to quit smoking when smoking becomes regarded as socially undesirable behaviour, the group of smokers consists increasingly of heavy smokers, who on one hand have more difficulties in quitting,17 and who on the other hand have higher BMIs than light smokers.'39 17 The change in the association from inverse to positive would therefore be only an ecological change at the population level since the relative body weight of the heavy smokers at individual level need not have changed. The lack of an inverse association between smoking and BMI is more often seen among younger men than among older men or women. This might be partly explained because the decline in body weight is a long term affect of smoking, whereas the slightly higher BMI observed in heavy smokers may be unrelated to the duration of smoking. This is, in fact, in agreement with the findings of the Finnish study where, in spite of the overall positive association, years of smoking was confirmed as a significant inverse predictor of BMI. ' and duration of smoking. This might have further elucidated the differences between populations, because mean age of starting to smoke may differ among populations and this, too, could affect the distribution of BMI.
Some studies have found ex-smokers to be heavier than never smokers,4 "' whereas others have not. 3 Our findings suggest that, among men, ex-smokers tend to have higher BMI than never smokers, but not among women and this finding is supported by one earlier study. " Also Flegal et al,4 found that male ex-smokers were heavier than never smokers, but among women only those ex-smokers who had stopped smoking less than 10 years ago were heavier. The category of occasional cigarette smokers, pipe, and cigar smokers was not compared with never smokers in this study because of the small number of observations. Socioeconomic status (SES) is a potential confounder in the relationship between smoking and body weight. Persons with lower SES tend to smoke more,9 28 and to have higher BMIs,9" 18 than those with higher SES, the latter especially among women. The associations found in this study were not explained by the effects of SES measured in tertiles of years of schooling. This is consistent with the results of several other studies.35918
We did not measure such potential confounders as physical activity, caloric intake, and alcohol use, but in several studies they have not been found to be actual confounders,3518 for the BMI-smoking relationship.
This work is one example how large international multi-centre studies can be used to obtain an overview strengthened by standardised methods of data collection and quality assurance. One should, however, be cautious in applying quantitative measures obtained by combining data from heterogenous populations. Nevertheless, the consistency of associations observed among a large number of different populations gives considerably more weight to the findings than results based only on one cohort or study population which cannot be directly generalised to other populations.
In summary, in populations of the WHO MONICA project covering a wide range of smoking habits and prevalence of overweight, men and women who smoked generally had lower BMIs than never smokers. Among men, the difference was more pronounced in populations where smoking was relatively more common. Heavy smokers did not generally have lower BMIs than light smokers. Among men, but not among women, those who had stopped smoking had higher BMIs than those who never smoked. These results confirm that smoking is associated with relative body weight in individuals as well as in populations but that differences in smoking habits in a population can influence the magnitude of this association.
